The fundamental vibration-rotational absorption band of hydrogen chloride near 3-45/4 has been remeasured using higher resolving power than previously. The wave-lengths of the absorption lines have been determined more precisely, and the isotopic splitting of lines has been completely resolved. The results have provided new and more satisfactory values for the rotational constants B i9 and the centrifugal stretching constants Di9 and their relative values for the two isotopic species agree closely with what is to be expected for the difference in mass. The positions of the lines in the pure rotational absorption spectrum have been calculated from the derived data, and agree closely with those recently observed. The bond lengths re for each isotopic species H 35C1 and H 37C1 is found to be 1-2744A.
One of the simplest examples of a vibration-rotational absorption band is the fundamental of hydrogen chloride lying a t about 3-45/4. This band was among the earliest investigated, and it has been re-examined frequently with progressively increasing resolving power. The most recent data for it were those of Meyer & Levin (1929) , and these have subsequently been adopted and much used for illustrative purposes and for wave-length calibration. Also, these data have been used together with results on higher overtone bands in a re-evaluation of the molecular rotational constants (Herzberg 1950) .
In the course of work in this laboratory on the vibration-rotation bands of a number of molecules in the region 2 to 6/4 using the considerably greater resolving power which has been obtained with photoconductive cells and a grating spectro meter, it became essential to have a set of convenient absorption lines of some simple common substances, the wave-lengths of which could be used as secondary standards. The hydrogen halides are suitable molecules for this purpose. Some new results for hydrogen iodide (Boyd & Thompson 1952) and hydrogen bromide (Thompson, Williams & Callomon 1952) have been described recently, and earlier data on these molecules have been extended and improved. I t also became clear, however, th a t the results of Meyer & Levin on hydrogen chloride were not entirely satisfactory, since if they were used to form a smooth calibration curve from records of the band taken with our spectrometer, the lines due to the isotopic species H 35C1 and H 37C1 appeared to lie on two parallel curves. Moreover, it now seems both possible and desirable to fix the lines to a greater accuracy as regards absolute wave-length, and to use the recent instrum ental advances to obtain better values not only for the rotational constants B iy but also for the centrifugal stretching terms Dt.
E x p e b im e n t a l m e t h o d
The grating spectrometer has been described previously (Miller & Thompson 1949) , with some improvements recently listed by Boyd & Thompson (1952) . In addition to the latter, the air temperature of the room was now controlled to within [ 29 ] 1° C, so th a t during the time of a run and calibration the change in temperature of the instrum ent was insignificant. The echelette grating had 7200 lines/in. and was about 4 in. in width, and the effective slit widths were 0-15 to 0-20 cm-1. During the course of this work it was disco vered th a t the emissive qualities of different batches of commercial Nernst filaments, used as the source of the infra-red continuum, were very variable, and the intensity of the energy radiated sometimes differed by threefold. This was traced to a variation in the composition of the material of the filaments, and if the maximum performance of the grating spectro meter is to be reached it is essential to use a filament with the good characteristics of emissivity. Some noticeable improvement in performance of the defective fila ments was achieved by dipping them in a solution of cerium ammonium nitrate, followed by drying so as to leave a layer of cerium oxide on the surface.
Another im portant change was made in connexion with wave-length deter mination. Earlier, the photomultiplier for recording iron arc lines, a R .C.A .I.P. 21 tube, was placed immediately behind the exit slit and moved in or out of position between recordings of the infra-red spectrum with the photoconductive cell. The photomultiplier was now mounted permanently a t some distance behind the slit, and an image of the slit formed upon it by means of condensing mirrors. In this way it was possible to change over from recording with the lead telluride detector to use of the photomultiplier simply by swinging a plane mirror into a standard position across the beam of radiation. The new arrangement appeared to eliminate small variations previously found in the calibration. The photomultiplier was fed with a set of stabilized dynode voltages from a special power supply, and the same chopper, amplifier and homodyne unit was used as for the photoconductive cell.
For wave-length calibration, higher order spectra of visible iron arc lines were used, based upon the wave-lengths given by Harrison (1939) corrected to vacuum with the results of Meggers & Peters (1917) . Several different orders of the iron-arc spectrum were used for each section of the absorption spectrum being measured, so th a t in effect calibration marks were available a t intervals of 1 to 2 cm-1, the smoothed curve through all points being used for calibration. In general, the calibration runs were made between two recordings of the spectrum being measured, readings of a particular absorption line being checked a t the start and finish. There appeared occasionally to be some uncontrollable mechanical non-repro ducibility of the driving mechanism, but lines could be fixed to ± 0-05 cm-1 unless they were overlapped by water-vapour absorption.
The band was studied in a number of separate sections each about 40 cm-1 in width. Runs were arranged so th a t overlaps occurred between the different sections, and small differences in wave-lengths could be allowed for by taking means.
The absorption cell was 10 cm in length and pressures of 40 to 760 mm were used. In studying a few lines a t the highest J values, a cell of 20 cm in length was used. resolution obtained. The results were analyzed by means of combination differ ences. As a first step, the data were fitted by least squares to the relationships A 
2F(J) = (4B-(> D )(J + % )-SD (J + hF,
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was evaluated, and v0 and (Bx -B 0) were then derived by means of least squares. Figure 4 shows the corresponding plots, which are seen to pass satisfactorily through the experimental points for each isotopic species. The values obtained for the rotational constants are listed in table 3. The agreement between the calculated and observed frequencies shown in tables 1 and 2 is seen to be close and within experimental error. The differences between the rotational constants found for the two isotopic molecules should be related to the mass differences. Assuming for the atomic masses p = VC"'35//*37) = 0-999243, p2 = 0-99 8 487, p3 = 0-99773 and p4 = 0-99698.
The quantity R |7/J5|5 = 0-99852, agreeing with p2, and <x37/a 35 -0-99770 which again agrees with p3. The relationships with I) cannot be determined with sufficient accuracy. Assuming the anharmonicity factor given by Herzberg (1950) in order to calculate (oe, De can be calculated from 45 3/w|, giving 5-32 x 10-4. which is close to the values found experimentally.
From the values derived for B e for each of the isotopic species, the bond length can be determined in each case. Using values for the fundamental constants recommended by DuMond & Cohen (1948) the derived value of re is 1-2744A in each case.
The rotational constants deduced from the present work differ slightly from those accepted previously. I t is possible to compare the results of earlier works by means of the combination plots for the ground state, and such data are shown together with our own in figure 2. I t is seen th a t the data of Meyer & Levin are in fact not inconsistent with the line drawn through our own points, and their random scatter mH = 1-008131, mg = 34-9803, mD = 2-014725, m g = 36-9777, we find is much greater. The measurements of Herzberg & Spinks (1934) on an overtone band only provide a few points and for this reason are less reliable. The internal consistency of our present data, especially as regards the isotope effect, is also very satisfactory. According to the foregoing equations derived for the line frequencies, the isotopic split for each J line should be given by v -2-12 + 0-030m -00007m2 -0000006m3. Figure 5 shows how the observed isotope splits agree with the calculated values. A somewhat closer agreement between the calculated and measured splits is obtained a t the highest J values if it is assumed th a t there is a small difference between the values of D for the two isotopic species of a bout 1 x 10~6 cm-1. We are not certain, however, th a t our measured values of D are sufficiently accurate to justify the inclusion of this term. I t is now possible to compute the position to be expected for the lines in the pure rotational spectrum, which will be given by the equation v = 2B0(J+ 1 )-4 D 0( J + l)3. Table 4 shows the calculated values, together with the positions observed by Czerny (1925) and McCubbin (1952) . There is agreement over the whole range within the experimental error of the far infra-red measurements.
